Crystallographic data of 2-8
with 2 eq AlCl 3 in toluene (cf. Experimental section in main article).
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Procedure for the synthesis of {μ-LLi} 2 (8)
Synthesis of {μ-LLi} 2 (8)
In a Schlenk tube equipped with a rubber septum and a magnetic stirrer bar a suspension of LH (5.13 g, 12.7 mmol) in toluene (50 mL) was cooled to 0 °C. Under stirring, a solution (1.6 M) of n-butyllithium in hexane (9.2 mL, 14.7 mmol) was carefully added via syringe. The septum was exchanged for a glass stopper and the reaction mixture was stirred over night while warming to room temperature. A pale orange solution formed which was left for another 12 h at room temperature and then kept at 4 °C over night. The Schlenk vessel was placed in the freezer (−30 °C) and stored for 5 d. The pale orange crystal fraction which was obtained by this method contained single crystals suitable for X-ray structure analysis (cf. Table S2 ). The supernatant was removed and the solid dried in vacuo for 3 h. The concomitant loss of crystalline appearance is associated with the liberation of toluene from the lattice (cf. the molecular structure of 8, Fig. S3 ). Yield: 3.62 g, 69%.
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Details of the quantum-mechanical calculations
DFT calculations of model compounds 2', II', V', and VI' were carried out at B3LYP/6-31G(d) level of theory with the GAUSSIAN 03 program. The NBO approach was used to calculate the orbital populations, Wiberg Bond Indices (WBI), and Natural Population Analysis (NPA). Cartesian coordinates of optimized structures are shown in Table S3 -S6, respectively. The structures obtained by the reported X-ray analyses were used as the input for these calculations. 
